This paper deals with the geography of innovation networks and analyses combinatorial knowledge dynamics from a single cluster perspective. Addressing firms in the media cluster in Bergen, Norway, we examine how and from where companies acquire and combine different types of knowledge for their innovation activities. The empirical analysis, which is based on structured interviews with 22 media companies, identifies two main types of cluster firms: media content providers that rely heavily on symbolic knowledge and media technology providers that draw mostly on synthetic knowledge. Even though they draw on different knowledge bases, the two types of firms are strongly interlinked in their innovation activities and source knowledge from each other. Furthermore, we find that synthetic firms constitute a gateway to the regional R&D system and that the region acts as key arena for the combination of dissimilar knowledge bases.
Introduction
In economic geography and related disciplines, there is an increasing interest in the question how and from where firms acquire new knowledge for innovation. Despite the ongoing globalisation, the regional level is typically seen as key locus for interactive learning and knowledge exchange (Moulaert and Sekia 2003; Asheim and Gertler 2005) . Consequently, policy-makers seek to strengthen economic competitiveness through regionally oriented policy approaches, based on concepts such as clusters, in particular by fostering networking between innovative actors, including firms, universities and public support organisations. knowledge sourcing channels. While research on the geography of knowledge networks typically relies on measures of inter-organisational collaboration such as co-publications or joint R&D projects (e.g. Fitjar, Huber, and Rodríguez-Pose 2016; McKelvey and Rake 2016) , research on non-collaborative knowledge exchange is relatively scarce. The question whether different network channels entail different geographies has not been scrutinised systematically, which is one research gap this paper attempts to fill.
Furthermore, while earlier literature argued that clusters are naturally dominated by either analytical, synthetic or symbolic knowledge bases (e.g. Asheim and Gertler 2005; Tödtling, Asheim, and Boschma 2013) , more recent contributions stress that firms usually combine two or more knowledge bases in the innovation process (Manniche, Moodysson, and Testa 2016; Grillitsch, Martin, and Srholec, forthcoming) , and that clusters can change their dominant knowledge base over time (Martin and Trippl 2015; Ingstrup, Jensen, and Christensen 2017) . The combination of knowledge bases has been studied at the firm level, but may also take place at the level of a cluster. In line with that, this paper contributes with an analysis of knowledge base combinations from the perspective of a single cluster.
The empirical analysis is based on novel data collected through interviews with firm representatives in the media cluster in Bergen, Norway. The media sector is considered as artistic and cultural industry, in which symbolic knowledge, aesthetic values and design play a central role (Grabher 2002; Mossig 2004; Cooke 2010) . Due to the ongoing digital convergence (i.e. the convergence of ICT and media content), however, innovation in this industry is not only about the generation of media content based on symbolic knowledge, but increasingly also about the application and development of media technologies, for which synthetic knowledge is critical. How and from where firms (in the media industry in Bergen) source and combine different types of knowledge is a key issue addressed in this paper.
The paper is structured as follows. Section 2 provides a theoretical framework by combining insights from the literature on knowledge bases, knowledge sourcing channels and proximity dimensions. Section 3 introduces the empirical case and presents the data and method. Section 4 comprises an analysis of knowledge flows and networks between firms and other organisations in the Bergen media cluster. Section 5 concludes the findings and draws implications for future research.
Theoretical framework: the geography of knowledge sourcing
One of the key issues in economic geography is the question why innovation concentrates in certain locations. The core argument for explaining spatial clustering of innovation activities is that the transfer of knowledge, which is the most important input for innovation, is facilitated by geographical proximity: it is easier to exchange knowledge between economic actors that are co-located, whereas additional efforts are needed to overcome spatial distance.
In this context, knowledge should not be seen a homogenous, but can come in different forms with different sensitivities to proximity and distance. A common way to classify knowledge is into codified and tacit, and while the first can be written down and easily transferred over time and distance, the latter is embodied into humans, can be best transferred though face-to-face interactions and is therefore spatiality sticky (Polanyi 1967; Gertler 2003) . Although the 'tacit versus codified' dichotomy has been widely used, it tends to reinforce one of the main conceptual binaries in human geography, that is, 'local versus global' (Cloke and Johnston 2005; Cox 2005 ). In line with the observation that innovation often involves both tacit and codified knowledge (Nonaka, Toyama, and Konno 2000; Johnson, Lorenz, and Lundvall 2002) , innovation can equally well depend on a combination of local and global knowledge sources. Some authors stress that neither the exchange of tacit nor the exchange of codified knowledge is restricted to a particular geographical scale, as firms can use different communication channels to acquire new knowledge both locally and globally (Asheim and Isaksen 2002; Belussi and Pilotti 2002; Moodysson 2008) . Others stress that geographical proximity is neither a necessary nor a sufficient condition for knowledge exchange, as other types of proximities need to be present for successful knowledge transfer (Torre and Gilly 2000; Boschma 2005) .
Based on these considerations and in order to understand how and from where firms acquire and combine different types of knowledge, it is important to elaborate more on (1) the type of knowledge sourced and combined for innovation, (2) the type of knowledge sourcing channels used by firms and (3) the type of proximity between innovative actors. These three analytical dimensions are discussed in the following.
Differentiated knowledge bases and their combinations
One way to further study geographical patterns of innovation is by considering the type of knowledge that is sourced and exchanged in the innovation process. While tacit versus codified is one possible knowledge typology, the literature on knowledge bases aims at moving beyond this dichotomy (e.g. Laestadius 1998; Moodysson 2007; Gertler 2008; Asheim, Boschma, and Cooke 2011) . Asheim and Gertler (2005) argue that 'the innovation process of firms is also strongly shaped by their specific knowledge base, which tends to vary systematically by industrial sector' (Asheim and Gertler 2005, 295 , emphasis in the original). Three types of knowledge bases can be distinguished; namely, analytical, synthetic and symbolic, which differ in various respects such as the rationale for knowledge creation, the development and use of knowledge, the actors involved and the role of spatial proximity in the innovation process (Asheim, Boschma, and Cooke 2011) . Innovation in analytical industries aims at the development of new knowledge about natural systems by applying scientific laws. Innovation involves strongly codified and universally valid knowledge content, which is little restricted to a specific sociocultural context. Synthetic industries innovate by applying existing knowledge in new ways. Innovation takes the form of concrete problem-solving and interactive learning with customers and suppliers. Innovation in symbolic industries aims at the creation of meaning, desire and aesthetic assets. Interpretation and cultural knowledge is essential and to a high degree determined by the sociocultural context.
The knowledge base typology has been applied to study industry-specific differences in innovation networks. Studies show clear differences between innovation networks in analytical, synthetic and symbolic industries (Plum and Hassink 2011; Martin 2013; Martin and Moodysson 2013; Herstad, Aslesen, and Ebersberger 2014) . Knowledge exchange in analytical industries tends to be globally organised and include universities and other R&D organisations as important knowledge hubs. Knowledge exchange often takes place in epistemic communities and with highly specialised knowledge providers in different parts of the world. In synthetic industries, cooperation and knowledge exchange often occurs between firms in the value chain and builds on trust and reciprocity earned through repeated interactions. Relatively, little collaboration takes place over far geographical distance, while national or regional networks prevail. Innovation in symbolic industries is even more governed by the local context, and companies cooperate with a number of altering partners in close geographical proximity. Companies change their cooperation partners frequently. They are tied together for the short period of a project before they switch to other projects and other collaboration partners. The importance of cultural knowledge and project-based innovation implies that knowledge exchange in symbolic industries takes place primarily within localised networks (Manniche and Larsen 2013; Plum and Hassink 2014) .
While these findings generally hold true on an industry-level, micro-level studies stress that there exists strong heterogeneity between firms in the same industry (Srholec and Verspagen 2012) . Firms in one industry may rely on different competencies and specialise into different activities. Also, similar firms can specialise on different knowledge bases to serve different clients (see, for instance, Pina and Tether 2016 on knowledge-intensive business services). In fact, combinations of knowledge bases can occur at the level of the industry and at the level of firms. This argument has been advanced in recent studies on knowledge base combinations (Manniche, Moodysson, and Testa 2016; Grillitsch, Martin, and Srholec, forthcoming) . These studies indicate that even though analytical, synthetic and symbolic knowledge are distinct ontological categories, they are hardly employed exclusively and detached from other modes of innovation. In fact, innovations are often the result of diverse knowledge inputs that are combined in the innovation process. These combinatorial knowledge dynamics call for more nuanced studies on knowledge networks and the involved knowledge bases.
Knowledge sourcing mechanisms -collaboration, mobility and monitoring
The notion of knowledge bases raises the question how and from where firms access and combine new knowledge. Early work on knowledge spillover had the tendency to treat knowledge as freely roaming in the air (e.g. Audretsch and Feldman 1996) , while more recent studies acknowledge that knowledge is hardly ever transferred out of pure coincidence (Moodysson 2008; Belussi and Sedita 2012) . In fact, knowledge sourcing typically requires a dedicated effort, alongside with the necessary absorptive capacity to make use of that knowledge (Cohen and Levinthal 1990) . In order to acquire new knowledge, firms use a number of knowledge sourcing mechanisms and engage into different types of networks. Belussi and Sedita (2012) , for example, distinguish between emergent and deliberate knowledge structures. The first constitutes spontaneous and non-deliberate forms of social interaction such as social netwoks and communities of practice, while the latter include business networks and formal R&D linkages through which firms gain access to specialised complementary capabilities and/or new scientific knowledge.
A commonly observed type of knowledge relation is inter-organisational collaboration, where firms engage into reciprocal relationships which lead to bidirectional flows of knowledge (e.g. Fitjar and Rodríguez-Pose 2013; Herstad, Aslesen, and Ebersberger 2014; Chaminade and Plechero 2015) . Collaboration networks can be of formal nature as in the case of contract-based R&D partnerships, strategic alliances or joint ventures (e.g. Balland, De Vaan, and Boschma 2013; Jakobsen and Lorentzen 2015) or they can be of informal nature, for instance, in the form of social relationships or professional communities (e.g. Grabher and Ibert 2006; Huber 2012; Lorenzen and Mudambi 2013) . They manifest on the organisational level, but are often mediated on the individual level through interpersonal relations. Huber (2012) shows that even in R&D-intensive industries, important forms of knowledge exchange do not only occur through formal collaborations, but through personal networks between skilled workers. Geographical proximity and face-to-face interactions facilitate the formation of personal relationships that subsequently lead to innovation-related collaboration between firms. In cultural and creative industries, knowledge is often exchanged in a dynamic interplay between formal project collaboration and informal social networking (Garmann Johnsen 2011). Even though the regional level plays a vital role in creative industries (Plum and Hassink 2014) , collaboration is not limited to spatial proximity, but can span over long distances (Vang and Chaminade 2007; van Egeraat, O'Riain, and Kerr 2013; Manniche and Larsen 2013) .
A second type of knowledge sourcing mechanism is labour mobility, that is, the movement of skilled individuals between organisations (Trippl 2013; Herstad, Sandven, and Ebersberger 2015) . As important forms of knowledge are tacit and embodied into people, hiring skilled labour is a natural way to bring new competences to the firm. Studies that deal with the impact of labour flows on firm performance show that recruitment from the higher education system as well as from related industries in the region has a positive effect on the innovation capacity of firms (Herstad, Sandven, and Ebersberger 2015) . In order to gain a positive effect on firm performance, skill portfolios of newly recruited employees should be related to the existing knowledge base of a firm, while too little, but also too much skill relatedness can have a negative impact (Boschma, Eriksson, and Lindgren 2009) . In line with this, Timmermans and Boschma (2014) find that the effect of labour mobility on firm performance depends on the relatedness between the skills of current and newly hired staff. Building on the method of Neffke and Henning (2013) , they find that the inflow of related skills impacts plant performance positively, while the inflow of similar skills has a negative effect. Moreover, they find that this effect depends on whether new employees are recruited from the same region or from other regions, whereby inter-regional mobility has a particularly positive effect. A number of recent studies trace the location decisions of skilled labour (Hansen and Niedomysl 2009; Niedomysl and Hansen 2010; Alfken 2015; Alfken, Broekel, and Sternberg 2015) . Despite Florida's (2002) argument that skilled labour tends to move to places with attractive living conditions, empirical evidence shows that migration decisions depend primarily on job conditions in a region (Niedomysl and Hansen 2010; Alfken, Broekel, and Sternberg 2015) . This even holds for creative professions, which, according to Frederiksen and Sedita (2011) , are characterised by greater job mobility than other occupations. Alfken (2015) shows that inter-regional mobility is high for creative professions in an early career phase, while geographical mobility decreases in later phases of career development. These studies show that irrespective of the type of industry, labour mobility primarily depends on the job prospects in a region as well as on the life and career stage of the labour force.
A third type of knowledge sourcing channel is monitoring. Firms source new knowledge also through monitoring of innovation activities carried out by other organisations (Malmberg and Maskell 2002; Martin and Moodysson 2013) . Monitoring can include systematic market research, the observation of customers, suppliers and competitors over various media channels (e.g. websites, social media or specialised magazines) or the attendance at trade or design fairs and exhibitions. Some monitoring activities are facilitated by spatial proximity, while others are hardly bound to specific places. Bathelt and Gibson (2013) show that firms gather in trade fairs in order to monitor competitors and partners and to source knowledge about the latest technological developments. Trade fairs can create temporary forms of proximity (Torre 2008) , which, if recurrent, can lead to more stable knowledge linkages over far geographical distance. Grabher and Ibert (2014) show that knowledge sourcing can take place via online platforms, in which interaction is mediated by virtual communication tools, and where economically useful knowledge is created and exchanged in absence of physical proximity. Martin and Moodysson (2013) argue that trade fairs and specialised magazines are important monitoring mechanisms for symbolic and synthetic industries, while analytical industries tend to use scientific journals and systematic investigations to learn about other firm's innovation activities. Furthermore, organisation studies researchers (e.g. Gioia and Manz 1985; Huber 1991) and industrial district theorists (Boari, Fioretti, and Odorici 2008; Belussi 2010) use the notion of 'vicarious learning' when referring to non-collaborative organisational learning, for example, when companies in cluster learn from rival firms and adapt their business strategies.
We argue in this paper that firms can acquire and combine new knowledge through multiple channels, each of which has different sensitivities to geographical distance. Even though the local level is considered as key arena for knowledge sourcing in particular for symbolic industries, the importance of local knowledge sourcing varies between knowledge channels. Collaboration networks are expected to be highly localised, in particular for flexible and project-based industries such as new media. The same is expected for the mobility of skilled labour, at least in regions with a decent job market and for firms that intend to hire skilled staff with job experience. Monitoring, in contrast, is expected to be less bound to spatial proximity, as firms can make use of temporary or organised proximities to overcome spatial distance.
Knowledge sourcing, knowledge bases and proximity dimensions
In order to investigate the role of geography for different knowledge-sourcing channels, it is necessary to elaborate more on the notion of proximity (Torre and Gilly 2000; Boschma 2005; Knoben and Oerlemans 2006) . Proximity should be seen as multidimensional concept that goes beyond mere physical co-location. Instead, it should be understood through social and contextual factors (Sayer 1992; Morgan 2004) . Knowledge exchange tends to be facilitated by short geographical distance, while at the same time, physical proximity alone is not enough to allow for fruitful knowledge exchange, if not accompanied with other forms of proximity. Building on the French Proximity School (Torre and Gilly 2000; Torre and Rallet 2005) , Boschma (2005) distinguishes between five proximity dimensions, namely cognitive, organisational, institutional, social and geographical (i.e. physical) proximity. These dimensions can overlap, but also substitute one another (Hansen 2015; Menzel 2015) .
Cognitive proximity refers to the idea that firms are more likely to exchange knowledge with organisations that are cognitively similar, that is, share similar routines and problem-solving strategies. Successful knowledge transfer requires absorptive capacity to identify, interpret and exploit the new knowledge (Cohen and Levinthal 1990) , which is most likely to be present in firms with similar knowledge base (Mattes 2012) . Boschma (2005, 63) argues that 'as a rule, firms search in close proximity to their existing knowledge base, which provides opportunities and sets constraints for further improvement' . If cognitive proximity is too small, the cooperating actors will not understand each other, which impedes an effective knowledge transfer. But if cognitive proximity is too high, knowledge exchange will not lead to any novel re-combinations. Thus, the right degree of cognitive proximity and distance is essential for fruitful collaborations (Nooteboom et al. 2007 ).
While cognitive proximity is probably the most important prerequisite for fruitful knowledge exchange, also organisational, institutional and social proximity plays a role. Organisational proximity commonly refers to the degree of firm internalisation (Mattes 2012) . A high organisational proximity implies that firms follow similar organisational logics or even belong to the same company group. For example, organisational proximity between private firms and public organisations would be very small, as they follow different organisational rationalities, while it would be high for firms with similar business structure (e.g. same type of small firm or new venture). Institutional proximity refers to formal institutions such as laws, rules and regulations, as well as to informal ones, that is, norms, values and routines (North 1990 ). Institutional proximity is what comes closest to the understanding of space in the literature on regional innovation systems (RIS), in which most arguments focus on how regional institutional settings create opportunities for innovation and knowledge exchange (Cooke 2002; Asheim and Gertler 2005) . Social proximity refers to the social embeddedness of actors in terms of friendship, kinship and common experience. It is the result of shared personality traits, personal interaction and a sense of familiarity between individuals. More than any other proximity dimension, social proximity relies on trust that is built up through repeated interactions over a long period of time (Boschma 2005) .
These different dimensions of proximity allow a more fine-grained perspective on the role of space for knowledge exchange and innovation. They lead to a number of research hypotheses related to the question how and from where firms acquire and combine different types of knowledge through different network channels.
• First, one can expect most knowledge exchange to take place locally, as the region is the area where geographical and institutional (and often also social) proximity is present. This is particularly important for collaboration and mobility, and less for monitoring, which does not necessarily entail interpersonal relations. • Second, one can expect knowledge base combinations, i.e. knowledge flows between firms with different knowledge base, to take place primarily within the region, as institutional and social proximity can compensate for a lack of cognitive proximity.
• And third, one can expect knowledge exchange between firms with similar knowledge base to be less bound to the local level, as cognitive (and organisational) proximity can substitute for other types of proximity.
These theoretical considerations are investigated based on a case study on the media cluster in Bergen, Norway. As we will show, this cluster is not dominated by one knowledge base only, but by a combination of synthetic and symbolic knowledge bases.
Research design: a case study on the media industry in Bergen
The media industry covers a range of activities, including the generation of media content (news, music, film, etc.) and technical solutions for broadcasting and displaying media content on various devices (TVs, mobile phones, tablet computers, etc.). This paper examines how, and from where, media firms acquire and combine knowledge for their innovation activities. As innovation is a complex social phenomenon, a case study is well suited as methodical approach to the empirical inquire, and corresponds to the preferred method of empirical inquiry within the field of regional innovation research (Asheim, Coenen, and Moodysson 2015) . In the following, an introduction to the media industry in general and the media industry in Bergen in particular, is provided.
The media industry between content and technology
The key focus of the media industry is to produce and distribute media content. In recent years, technological progress opened new ways for digital communication. The ICT revolution has led to new applications and services, and today, consumers retrieve media content on a range of digital devices. Furthermore, consumers take a more and more active role in tailoring their media consumption to personal interests and preferences. As a consequence, media firms have to be present on a range of different media platforms in order to reach their customers (Groot Kormelink and Costera Meijer 2014) .
This new development is a challenge to traditional media firms. In order to be successful on the market, firms need to display media content in multiple ways and on various platforms, which requires new technical competencies (Turow 2005; Groot Kormelink and Costera Meijer 2014) . This development has led to an increased specialisation among media firms. Today, the media industry consists largely of companies that either specialise on the production of media content or on the provision of technological solutions related to media (Jenkins 2006; Currah 2009 ).
As it has been stressed in the literature, ICT and software development are dominated by synthetic knowledge (Tödtling and Grillitsch 2015) , whereas the creation of media content relies mostly on symbolic knowledge (Asheim 2007; Martin and Moodysson 2011) . To the extent that firms specialise on either media content or technology, they also differ in the type of knowledge base that is critical for innovation. Even though most media content providers also hold technical competences in-house, they innovate primarily based on symbolic knowledge. In contrast, media technology providers need an understanding of the creation of media content, but innovate mostly based on synthetic knowledge. In order to be active in the same industry, all firms need to possess or have access to both synthetic and symbolic knowledge, which they either hold in-house or source from other firms through different network channels (Currah 2009 ).
The media industry in Bergen
Bergen is the second largest city in Norway with around 275,000 inhabitants. The region has economic strongholds in the energy, the maritime and the marine sectors, as well as growing industries such as culture and media. The city serve as a knowledge hub for the western part of Norway, hosting a large and traditional university, 9 colleges, 10 research institutes and 4 official clusters organised within the cluster programme of Innovation Norway. Together with its surrounding region, Bergen can be seen as a thick and diversified RIS, with a strong research and higher education system and policy-makers that are actively engaged in innovation-based regional development (Isaksen and Trippl 2016) . The local media industry took off in 1992 when national government decided to locate the headquarters of Norway's second public broadcasting channel (TV2) to Bergen. This spurred new entrepreneurial activities and the media industry started to grow. In 1993, the first policy initiative to stimulate collaboration and knowledge transfer between media firms was established under the name of Bergen Media City. During the next decades, the size and scope of the media cluster increased continuously. In 2014, the initiative was awarded the second highest cluster status in Norway, Norwegian Centre of Expertise NCE, 2 and renamed to NCE Media. This resulted in more public-funding and expert services tailored towards increased value creation, collaboration with international partners and interaction between firms and R&D organisations.
Method and data collection
Due the diverse nature of the industry, the media cluster in Bergen is not easy to delimit. It consists of a variety of firms, of which some can be considered as pure media firms, while others serve multiple markets. Some technology-based firms, for example, are pure media software developers, while others direct only parts of their business to the media industry. This raises some methodical concerns. Firstly, as the industry boundaries are blurry, it is not possible to identify media firms from any conventional business classification scheme. Secondly, as some relevant firms are not fully committed to the media sector, not all knowledge relations are maintained for media-related activities. And thirdly, there is a potential bias related to the policy support structure. As NCE Media facilitates networking between its members, knowledge-sourcing activities can be expected to vary systematically between member and non-member organisations. Furthermore, it is also likely that long-time members are systematically distinct from new members.
In order to minimise these potential biases, this study focuses on commercial firms that have been members of NCE Media for at least one year. Accordingly, only firms that consider themselves as part of the media industry are included in the analysis. A list of member organisations provided by the cluster management included 37 qualified member organisations, from which 22 commercial firms were identified (besides 15 public and non-profit organisations). Data were collected in May-June 2015 using structured interviews with firm representatives from all 22 firms. Meetings were arranged with the CEO or a member of the top management team. The interview data were complemented with document studies on policy reports, company websites and other publicly available information. An overview of the interviewed firms is provided in Table 1. A roster-recall method was applied to collected relational data on inter-organisational knowledge flows (for a discussion on the method, see Giuliani and Pietrobelli 2014) . The interview partners were provided a list (i.e. roster) of potentially relevant organisations, including commercial firms, education and research organisations, policy support organisations and industry-relevant non-profit organisations (74 in total). Connected to the roster, the interviewees were asked to fill in additional regional, national or international organisations relevant to their innovation activities that were not mentioned in the list (i.e. recall). Relational data were illustrated and analysed using social network analysis and descriptive statistics.
The relational data includes information on the location and the type of contact partners. The first classifies all actors in regional, national, European and global partners. The latter divides all actors into content providers, technology providers, other types of firms, universities and R&D organisations, policy support organisations and other public organisations. The interviewees specified the name and location of their contact partners as well as their importance. Company websites and business databases were used by the authors to validate and complement the names, locations and types of partners listed by the interviewees.
Empirical analysis: knowledge flows and networks in the Bergen media cluster
The following analysis explores the geography and organisation of knowledge networks in the media cluster in Bergen. We investigate how firms acquire and combine various types of knowledge through different network channels and from different geographical scales. We begin the analysis by identifying the types of knowledge that firms use in their innovation processes.
Combinatorial knowledge bases
To identify the knowledge bases involved in innovation, two questions were asked to the firm representatives. First, to rate (from 1 to 5) the importance of scientific, engineering and arts-based skills and competencies for the competitiveness of their firm. Second, to group their skilled employees into broadly defined education profiles, reflecting the three knowledge bases. Table 2 shows that both symbolic and synthetic knowledge are regarded as vital for innovation by all firms. This holds equally true for media content providers and technology providers. Analytical knowledge is regarded as far less important, in particular by content providers who attribute almost no relevance to science-based competencies. This demonstrates that firms in the media industry build on a combination of symbolic and synthetic knowledge for their innovation activities. However, the extent to which firms hold symbolic or synthetic knowledge in house or source it from outside varies considerably between content and technology providers. Table 3 shows the education profiles of employees, again divided between content and technology providers. All firms have personnel with engineering and creative educational background, however, a clear difference between the two subgroups can be observed. While content providers employ mostly people with background in creative fields (50.5%) and less people with engineering-based skills (19.1%), technology providers clearly favour engineering-based skills (75.7%) over creative skills (17.4%). This finding is essential as it shows that a specialisation in firm-internal knowledge bases can be observed, in which firms focus either on symbolic or on synthetic knowledge. Thus, media firms combine different knowledge bases in their innovation process, but specialise in one knowledge base in their firm-internal education profiles.
The following analysis deals with sourcing of firm-external knowledge through collaboration, monitoring and mobility.
Collaborative knowledge sourcing
The first type of knowledge sourcing mechanism is collaboration, that is, interactive knowledge exchange between firms and other organisations. The firms were asked with whom they have collaborated and exchanged knowledge related to innovation during the last three years. Table 4 provides an overview of the average number of collaboration partners identified by the interviewed firms.
The first significant finding relates to knowledge flows between the two identified groups of firms, namely content and technology providers. When it comes to collaborations with technology providers, significant differences between the two groups can be observed (p = 0.017). While the interviewed content providers list an average of 2.93 technology providers as contact partners, the corresponding number for the interviewed technology providers is 6.63. It is reasonable to argue that technology providers are valuable collaboration partners particularly for other technology providers, as they share similar knowledge bases. However, the result becomes striking when looking at collaboration with content providers. Following the same logic, one would expect content providers to connect primarily to other content providers. This is, however, not the case. Collaboration with content providers is equally important for both groups of firms (p = 0.915). Content providers are overall the most preferred collaboration partners, which points at the key role of symbolic knowledge for the media cluster. Secondly, the table show that science-and technology-based knowledge enters the cluster mainly through technology providers. This becomes apparent as technology providers are significantly more active in collaborating with universities and other R&D organisations than content providers (p = 0.0047). Furthermore, the data show that the region is by far the most frequent geographical level for collaborations with universities and other R&D organisations. This can be explained by the fact that technology providers in the cluster have a strong focus on tailor-made solutions for the local market, and less on mass-production for global markets. Such tailor-made solutions demand close and continuous interaction, which is facilitated by geographical proximity.
A third finding is the importance of geographical proximity. Comparing the number of regional and non-regional collaboration partners reveals that close to 80% of all collaborations take place within in the Bergen region. This shows that the region is by far the most important arena for collaboration and knowledge exchange for firms in the cluster.
In addition to these statistically significant findings, also the absence of differences between content providers and technology providers is worth mentioning. Since prior studies have argued that symbolic knowledge is more localised than synthetic knowledge (e.g. Asheim, Boschma, and Cooke 2011; Martin and Moodysson 2013) , one would expect to find geographical different preferences between the two groups of firms. However, no such differences can be observed. In fact, both groups of firms prioritise local knowledge sources over distant ones, irrespective of the type of knowledge base of the collaboration partner. The absence of geographical preferences between symbolic and synthetic firms can be explained by the fact that the media cluster in Bergen is dominated by two knowledge bases (in contrast to existing studies that argue that clusters have one critical knowledge base only, see, e.g. Tödtling, Asheim, and Boschma 2013) . As the media cluster in Bergen relies on two different knowledge bases, geographical and institutional proximity are particularly important, as they can compensate for a low degree of cognitive proximity between partners (Mattes 2012; Hansen 2015; Menzel 2015) . Figure 1 illustrates the collaboration network. Among the interviewed firms, the most active collaborators are two content providers and two technology providers, namely the dominant local newspaper (ID 3), a national broadcasting company (ID 17), a locally based global technology provider (ID 20) and a local office of a national technology firm (ID 10). These firms connect similarly to content and technology providers, and, by virtue of their position in the network, are important knowledge hubs that link synthetic and symbolic knowledge. The most frequently mentioned collaboration partners are the local university (ID 64), followed by other local R&D organisations and policy support organisations.
When it comes to extra-regional collaboration, an online TV platform producer (ID 19), a firm specialised in interactive TV (ID 15) and a media tech company (ID 10) are the most outreaching technology providers. The most outreaching content providers are a video notes: the node shape reflects the type of organisation (square = content provider; circle = technology provider; circle-inboxes = other types of firms; up-triangles = universities and r&d organisations; diamonds = policy support organisations; integrated triangles = other public organisations). the node colour displays whether the organisation has been interviewed (black = interviewed firm; grey = contact partners). the node size reflects its relative importance in the networks (in-degree centrality).
game developer (ID 14) and a music company (ID 1). These companies are important as they provide the cluster with extra-regional knowledge.
Knowledge sourcing through mobility
The second knowledge-sourcing channel is mobility. By hiring skilled labour, firms gain access to tacit knowledge and can both upgrade or diversify their firm-internal knowledge base. Table 5 displays labour mobility patterns. The firm representatives were asked from where and whom they hired during the last three years. When interpreting the results, recent developments in the media industry should be kept in mind. While the demand for media technology has been growing, traditional media content firms such as newspapers and publishing companies have been under efficiency pressures and have been outsourcing and downsizing (Currah 2009 ). Consequently, one can expect technology providers to be more active in hiring new employees than content providers.
In line with that, the table shows that the average number of mobility sources is higher for synthetic firms (5.25) than for symbolic firms (3.43). Furthermore, it displays an interesting unequal distribution of mobility sources. If the origin firm of a newly hired employee is a technology provider, the recruiting firm is also most likely a technology provider, and not a content provider (p = 0.0876). However, if the origin firm is a content provider, the difference is not significant. This is in line with the findings for the collaboration network, namely that Bergen media cluster favours symbolic knowledge over technological knowledge.
Finally, and addressing the geographical dimension, we find that the most important recruitment area is the Bergen region (88%), followed by other parts of Norway (11%), whereas international requirement is almost non-existent (1%). This confirms that the media industry is highly localised, in particular when it comes to hiring skilled labour (Alfken 2015; Alfken, Broekel, and Sternberg 2015) . Thus, even more than for collaboration, geographical proximity is the key for knowledge sourcing through labour mobility. The success of media firms heavily depends on the access to a local pool of skilled labour. Figure 2 visualises the mobility network. The second national broadcasters (ID 17) and a global technology provider (ID 20) stand out as the most frequently mentioned source of skilled labour. Together with the local newspaper (ID 3), they provide qualified labour to both symbolic and synthetic firms and constitute an important knowledge hub in the mobility network. Among all content providers, the first national broadcaster (ID 12) is most active in hiring extra-regionally, in particular from the national level, while the second national broadcaster (ID 17) hires mostly locally. Among the technology providers, the online TV platform producer (ID 19) is particular active in recruiting new employees and the only firm hiring from abroad. Among all actors, the local university (ID 64) is the most frequently mentioned source of skilled labour. This underlines the key importance of the local higher education system for the development of the cluster.
Knowledge sourcing through monitoring
The third knowledge sourcing mechanism is monitoring, that is, the observation of innovation activities of other organisations without engaging into direct interaction (Malmberg and Maskell 2002) . notes: the node shape reflects the type of organisation (square = content provider; circle = technology provider; circle-inboxes = other types of firms; up-triangles = universities and r&d organisations; diamonds = policy support organisations; integrated triangles = other public organisations). the node colour displays whether the organisation has been interviewed (black = interviewed firm; grey = contact partners). the node size reflects its relative importance in the networks (in-degree centrality). Table 6 displays the average number of monitoring sources indicated by the firms. Based on the number of relations, monitoring can be seen as the most common knowledge-sourcing mechanism. The large majority of the monitoring activities occur within the boundaries of the region, which confirms the key role of local knowledge even for non-interactive knowledge sourcing. Compared to collaboration and mobility, however, the monitoring network is less bound to the region and more open towards international knowledge sources.
The observed patterns can be explained with the fact that monitoring is the least formalised and least costly means of knowledge acquisition. Without major social and economic costs, firms can monitor other organisations by attending trade fairs and exhibitions or by joining networking events. Furthermore, firms can use online platforms to screen other firms' innovation undertakings, which make it easy to monitor even over large geographical distance (Grabher and Ibert 2014; Aslesen and Sardo 2016) .
Comparing content and technology providers, we find that both groups engage intensively in monitoring. However, technology providers maintain significantly (p = 0.0751) more monitoring relations (average 20.8, respectively, 13.1 relations). Similar to collaboration and mobility, technology providers monitor symbolic and synthetic firms to a similar degree (average 8.5, respectively, 6.6 relations), while content providers favour symbolic over synthetic firms (average 6.9, respectively, 2.8 relations). This once again supports the argument that symbolic knowledge is the most important knowledge type in the industry, and that the combination of knowledge bases occurs at an industry level involving firms specialising in different areas of expertise. Figure 3 illustrates the monitoring network. As in the previous figures, the second national broadcaster (ID 17) and the global technology provider (ID 20) are the most central knowledge hubs. Holding positions as national market leaders, these two firms are monitored by more than half of the companies in the cluster. Even though they are the most monitored, they are relatively inward-oriented in their own monitoring activities and mention only few partners, most of which are located in the region. Other firms take (ID 14) . This demonstrates that the most central firms in the cluster do not necessarily have the highest international outreach, while in contrast, firm that are less embedded in the core network can be important gatekeepers for accessing global knowledge (Morrison 2008) . This can imply a potential danger to the cluster, when novel ideas from outside the region are filtered by gatekeepers and too few reach the core firms. A high degree of regional-mindedness has been found to hinder the innovativeness of firms and can potentially lead to regional lock-in and decline (Hassink 2010; Fitjar and Rodríguez-Pose 2011) .
Discussion and conclusion
This paper contributes to the literature by shedding light on the geography of knowledge sourcing in a cluster that draws on two knowledge bases. We find that symbolic knowledge plays a critical role in the media industry, as it is typical for creative and cultural industries. However, innovation is not only about the generation of media content based on symbolic knowledge, but also about the application and development of media technologies, for which synthetic knowledge is crucial. In view of that, the study shows that media firms often specialise in either symbolic or synthetic knowledge and combine both knowledge bases in the innovation process. notes: the node shape reflects the type of organisation (square = content provider; circle = technology provider; circle-inboxes = other types of firms; up-triangles = universities and r&d organisations; diamonds = policy support organisations; integrated triangles = other public organisations). the node colour displays whether the organisation has been interviewed (black = interviewed firm; grey = contact partners). the node size reflects its relative importance in the networks (in-degree centrality).
Drawing on this finding, the paper analyses how and from where firms acquire and combine different knowledge. The Bergen region is the prime arena in which knowledge is sourced and combined, even though knowledge exchange also takes place across regional boundaries. In line with previous studies on the role of the local knowledge for creative and cultural industries (Lazzeretti, Boix, and Capone 2008; Martin and Moodysson 2011; Plum and Hassink 2014) , we find intense knowledge exchange in the local milieu. However, we find no difference in geographical knowledge sourcing preferences between symbolic and synthetic knowledge-based firms as one would expect from prior research (Martin and Moodysson 2011) . Knowledge sourcing from universities and other R&D organisations is especially done by technology providers. Thus, technology providers play an important role for the cluster also as they create an access to science-based knowledge (Robertson and Smith 2008) .
Contributing to this argument, our study provides a novel and more differentiated perspective on how firms source and combine knowledge from different scales, namely through collaboration, monitoring and mobility. Interestingly, we find that local knowledge sourcing often takes place between firms with different knowledge bases (i.e. content and technology providers). Those firms innovate on different rationales and use different innovation practices, but engage into intensive knowledge exchange with one another. A shared local environment can compensate for a lack of cognitive proximity and enable knowledge exchange even between very different actors. Consequently, the region can be seen as key arena for firms to both strengthen their core competences by exchanging knowledge with cognitively similar organisations, and to diversify and go beyond existing competences by collaborating, monitoring and recruiting from organisations with dissimilar knowledge base.
Furthermore, we find that the geography of knowledge sourcing differs considerably between knowledge channels. Monitoring is least bound to spatial proximity. Firms observe other organisations on the national and international level without engaging into direct interaction. They use internet platforms or specialised magazines to observe their competitors (Grabher and Ibert 2014) and attend international conferences and trade fairs, which has been stressed by the interview partners. By that means, they take advantage of temporary forms of proximity, which make physical co-location less vital (Bathelt and Gibson 2013) . Collaboration takes place mostly locally, irrespective of the type of firms involved, which confirms the key role of proximity for interactive learning and the importance of local knowledge for symbolic innovation (Asheim, Boschma, and Cooke 2011) . The third channel, labour mobility, appears to be even more localised. Among the interviewed firms, only one has hired internationally, while the majority recruits locally. Even in creative and cultural industries such as media, skilled workforce tends to stay in its home region and is reluctant to inter-regional job migration (Alfken, Broekel, and Sternberg 2015) . This shows that the local labour market is a key asset of the development of the cluster.
The paper calls for further research on the geography of innovation networks and combinatorial knowledge dynamics. The empirical analysis dealt with media firms located in a thick and diversified region, which raises the question to what extend the results can be generalised to other regional or industrial settings. It is reasonable to expect that firm of any industry located in peripheral regions have fewer knowledge sources available locally, and consequently a stronger need to reach out nationally and internationally. But then again, one can also expect that they have difficulties to collaborate externally and hire staff from outside the region, due to lower accessibility and a lack of urban amenities. Furthermore, the question raises whether the results are specific to the media industry, or whether firms in other industries have similar ways to acquire and combine knowledge. It is, for instance, reasonable to expect that firms in science-based industries have a strong tendency to source knowledge globally, due to the codifiability and universal applicability of analytical knowledge. Whether the results hold for other types of RIS and other types of industries are questions for future research.
